Antimicrobial stewardship is an important component in health care outcomes of all patients. Many institutions are seeking the best methods to incorporate antimicrobial stewardship strategies into their hospitals including pharmacy services. Multiple factors should be considered when beginning or expanding an antimicrobial stewardship program. The purpose of this article is to discuss the development of basic antibiotic competencies and training for staff pharmacists in a community hospital. The article includes an assessment of pharmacists' knowledge pre education and post education, perception of benefits from an antibiotic education program, and learning needs and preferences.
A ntimicrobial stewardship is becoming an increasingly important area of focus for health systems in the improvement of patient and institutional clinical outcomes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Infectious diseases (ID) trained pharmacists working in collaboration with ID physicians are considered the core component of the interdisciplinary antimicrobial stewardship team. 3 Although specialty residency training in infectious diseases is not the only way to receive ID pharmacist training, this form of didactic and experiential education is the most widely accepted method. [13] [14] [15] There are a limited number of ID pharmacy residency training programs available, which limits the number of formally trained ID pharmacists. 9, 13, 14, 16 There are certificate programs for ID pharmacist training, including programs through the Society of Infectious Diseases Pharmacists (SIDP) and Making a Difference in Infectious Diseases Pharmacotherapy (MAD-ID). 8, 17, 18 Other than these programs and specialty residency training, medical literature is lacking in the best methods for educating the number of pharmacists needing ID training to implement part or all of the components of an antimicrobial stewardship program (ASP) throughout the country. With the increasing demand for pharmacist leadership in ASP, hospitals may not be able to acquire a residencytrained ID pharmacist. Many hospitals also may lack financial and staffing resources to have a pharmacist(s) complete a credentialing program. Under these circumstances, difficulties arise in initiating or expanding ASPs in institutions.
COMPETENCY AND TRAINING DEVELOPMENT
A pharmacy department in a 438-bed hospital in northeast Arkansas serving a regional area population of approximately 624,000 wanted to begin providing ASP services. This was in response to national attention given to the benefits of ASPs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In addition, the department recognized the need for ASP services due to the large number of antibiotics prescribed within the institution. Specifically, the pharmacy department faced challenges of having staff with limited or no ID training and in identifying a dedicated employee to help initiate housewide ASP services. The answer for this community hospital was to use a clinical pharmacist at the institution who also was a faculty member for a college of pharmacy. This faculty member was an assistant professor who worked as an integrated member of the pharmacy department's clinical services team for 5 years. She provided internal medicine services with an emphasis in ID during her tenure. Although she did not have formal ID training, she had gained extensive knowledge through her ASP initiatives at this institution. These initiatives included the establishment of a formal pharmacokinetics dosing service and ASP rounds with an ID physician to provide prospective audit and feedback to other physicians regarding their antimicrobial prescribing. She was willing to work with pharmacy management and staff to help expand basic ASP services (eg, renal dosing, intravenous to oral [IV to PO] conversions, identification of appropriate/inappropriate antibiotic combinations) throughout the hospital.
Competency Development
The faculty member and pharmacy management discussed the need to expand antimicrobial stewardship services throughout the institution by including staff pharmacists in the model. The discussion revolved around the need for basic antibiotic competencies for all staff pharmacists, so pharmacists could incorporate components of antimicrobial stewardship into their daily work. The required competencies and expansion of ASP would require education development that incorporated the learning needs of the ''frontline'' (ie, dispensing/decentralized) staff pharmacist.
The first step of the initiative involved the development of basic antibiotic competencies that were required of every staff pharmacist (Appendix 1). Initially, the pharmacy department's process for competency assessment was basic in design. The pharmacists reviewed core competency requirements during new employee orientation and annually during their annual performance appraisals. Core competencies were primarily evaluated by 2 mechanisms: pharmacy management observation through periodic rounding and review of staff interventions. If core competencies were not demonstrated or were in question, then pharmacy management initiated formal verbal counseling. If competencies could not be met after 3 verbal warnings or if there was a deliberate disregard for policies and procedures, the pharmacist would ultimately face disciplinary action.
During the educational phase of this initiative, the hospital chose to adopt new methods of ensuring competence based on methods used in the field of nursing. 19 The change led to more specific competencies, recognized additional options to demonstrate competence in each area, and allowed for a more formal assessment of staff competencies. The pharmacists can now demonstrate knowledge through (a) evidence of daily work through chart/form audits or additional documentation (eg, calculations, rationale for physician recommendations), (b) presentations to students/ staff, (c) written exam, (d) return demonstration, or (e) exemplar (ie, hypothetical patient case). For the area of antibiotic competency, the pharmacist may choose to take a written exam, or he or she may exhibit proficiency by demonstration in the areas of renal dosing, IV to PO conversions, and other antimicrobial stewardship practices as listed in the Hospital Staff Pharmacists' Antimicrobial Competency Checklist (Appendix 1). Pharmacokinetics is a separate competency that is only required of those pharmacists involved in the pharmacist pharmacokinetics consult service. These pharmacists must provide at least 5 examples of appropriate work from daily activities in each antibiotic competency. Then a member of pharmacy management must verify their exam or work-related activities to meet minimal competence in all required areas. Competency must be successfully demonstrated before each pharmacist's annual performance appraisal.
Training Development
The second phase of the project involved developing educational materials for the pharmacists based on the established competencies. The faculty member at the institution provided basic antimicrobial education to all pharmacists. This education was derived based on information that should be recalled by entry-level Doctor of Pharmacy graduates and was developed based on reputable sources such as the Sanford Guide and the Infectious Disease Society of America (IDSA) guidelines. Antimicrobial education primarily consisted of (a) spectrum of activity, (b) empiric therapy, (c) de-escalation, (d) combination therapy, (e) IV to PO conversion considerations, (f) dosing adjustments, (g) appropriate time to start and discontinue therapy, and (h) basic interpretation of culture sensitivity reports. The educational intervention was conducted over a 4-month period. Multiple teaching methods were used to attempt to accommodate all learning styles: auditory, read/write, visual, kinesthetic, and multimodal. Two 1-hour live continuing education (CE) programs were required for all staff pharmacists. Each live CE was given 4 times over a 2-day period to accommodate all pharmacists' work schedules.
The next phases of the education involved repetition of material that was discussed during the live CEs. Two self-learning e-mail reviews were dispersed to the pharmacists through the department's weekly meeting minutes. Next, antibiotic questions were posted on flyers in the pharmacy department prior to 2 weekly meetings. The pharmacists participated in a question and answer session during the staff's routine weekly meeting. By having the questions in advance, the pharmacists were able to research the questions and discuss the answers among themselves prior to the discussion in the weekly meeting. Finally, a live question and answer game show was developed by the faculty member and an advanced experiential student and was provided as hospital in-service hours. All of the aforementioned review materials were distributed to the pharmacy staff by e-mail, allowing distribution of the information to the entire department for review.
COMPETENCY AND TRAINING ASSESSMENT
Before the education phase of the project began, the faculty member obtained consent from the participating pharmacists to assess their knowledge pre education and post education, evaluate the benefit of the antibiotic education program, and survey learning needs and preferences. The study group included all pharmacists working within the institution (N 5 24). Pharmacists whose job description did not require clinical activities regarding antimicrobials or who were no longer employed by the institution at the time of the posteducational assessment were excluded from the study (n 5 7).
Competency Assessment
The faculty member developed a 35-question competency assessment primarily consisting of short answer questions to evaluate the effects of the educational programming. Seventeen of 24 pharmacists consented to participate in an identical pretest and posttest prior to education and 9 months after the live CE programs. Pharmacists completed each test independently and without the aid of references. A score of at least 70% was required to be considered competent in the area of antimicrobials. Statistical analysis for pretest and posttest results was evaluated through a paired t test. Data are expressed as means with 95% confidence intervals.
The pretest range for participants was 19.62% to 71.24%, with only 1 person obtaining the minimum passing score ( Figure 1) . The posttest scores ranged from 56.93% to 96.26% ( Figure 1) . Posttests demonstrated improvement in scores by all pharmacists; 12 of 17 pharmacists completed the posttest with a score of at least 70% and therefore did not require additional follow-up training. The 17 pretest and posttest mean scores were 49.68% and 79.24%, resulting in a mean difference of 29.56% (95% CI, 23.08-36.03; P , .01).
Training Assessment
A blinded survey assessing the benefit of the antibiotic education was completed after the conclusion of the education and posttest (Appendix 2). Using a 5-point Likert scale, questions were posed to the participants regarding their comfort level in discussing antibiotic questions with health care professionals and whether they thought the antibiotic education program benefited them in their practice. Eight of 17 pharmacists provided a ranking of ''excellent,'' while 7 pharmacists stated a rating of ''average'' when asked how comfortable they were in discussing antibiotic questions with physicians. When asked how comfortable the pharmacists were in discussing antibiotic questions with other pharmacists, 8 pharmacists ranked this ''excellent,'' and 6 pharmacists rated ''good.'' Finally, when asked if the antibiotic educational program has helped or will help the pharmacists practice pharmacy better, 100% of participants agreed or strongly agreed that the program was beneficial.
Learning Needs Assessment
A learning needs assessment was administered with the survey to determine the benefit of education (Appendix 2). Eighty-two percent of participants conveyed that antibiotic competency should be required for all hospital pharmacists. Ninety-four percent of pharmacists stated that antibiotic education should be offered at least annually, and 65% of participants surveyed cited that education should occur more frequently. The pharmacists were asked to rank on a scale from 1 to 7, with 1 being the most preferred and 7 as the least preferred, which teaching method was the best way to provide antibiotic education to the pharmacy staff. The teaching methods ranked were the following: 1 5 live CE, 2 5 staff in-service, 3 5 question and answer session, 4 5 small group case study, 5 5 return demonstration or role play, 6 5 selflearning packet, and 7 5Internet-based module. The pharmacists also ranked their preference as to which lecture style best meets their learning needs. Lecture style choices were 1 5 lecture only, 2 5 lecture plus cases, 3 5 cases only, and 4 5 lecture with interactive questions. Overall, the pharmacists agreed that the best methods of providing antimicrobial education are through live lectures (ie, CE or in-service) with interactive patient cases or question and answer lecture components. The pharmacists' least preferred educational methods were return demonstration/role play and Internet-based modules, and their least preferred lecture style was patient cases without didactic instruction.
Resources Assessment
The time and effort of the faculty member, pharmacy management, and pharmacist staff accounted for the largest percent of resources dedicated to the educational initiative. Time and effort was divided amongst the following areas: competency development, educational materials development, teaching and learning, verification of competence, and remediation. Limited physical resources were needed (ie, computer/Internet access and printed educational materials) for the initiative.
The development of competency and training materials involved 40 hours. Competency development primarily included the pharmacy director and the faculty member; however, input was also provided by the clinical coordinator and operations manager. Total time dedicated to competency development was approximately 4 hours. Educational materials were created by the faculty member. Approximately 36 hours of the faculty member's time were used to research and compile educational materials, including the time to develop all CE and review materials (ie, self-learning email reviews, questions and answers during staff meetings, and game show). Educational material develop would have taken more time, but much of the information used was based on materials the faculty member had already created for advanced experiential students.
Time required for all teaching and learning opportunities ranged between 13 and 16 hours. The faculty member dedicated 9 hours to facilitating learning during the multiple teaching activities. Staff attendance to learning sessions required 2 hours for live CEs and 1 hour divided between review sessions, totaling 3 hours. Time needed to study the educational materials was difficult to quantify, because all pharmacists studied varying amounts (ie, 1 to 4 hours).
Most staff chose to study amongst themselves as time permitted during work hours, but some pharmacists also chose to study at home.
The final phases of the education initiative were verification of competence and remediation of staff, which required a total of 33 hours. Three pharmacy managers verified antibiotic-related competencies for 17 pharmacists in approximately 10 hours. Remediation planning required approximately 3 hours and involved the faculty member, 3 members of pharmacy management, and 1 staff pharmacist. A staff pharmacist re-educated 5 pharmacists requiring remediation over a 2-month period that involved 4 hours per pharmacist totally 20 hours. All time and effort for the antimicrobial educational program was paid by the pharmacy department, excluding any time the staff chose to study outside of work.
DISCUSSION
With the ever-increasing demand to initiate and expand ASP services throughout hospitals around the country, 2 minimal antibiotic competency and training requirements for all hospital pharmacists should be considered. Because many hospitals do not have staff with ID residency training or credentials, hospitals must evaluate the best mechanisms for training their pharmacists. By requiring additional training and ultimately a demonstration of competence, an extension of basic ASP services (eg, renal dosing, IV to PO conversions, identification of appropriate/inappropriate antibiotic combinations) can be provided by frontline staff pharmacists and may allow for certain services to be provided when institutions do not have formally trained ID pharmacists at their facilities.
Training and Competency Evaluation
Based on the posttest results, a majority of pharmacists successfully learned and retained antimicrobial knowledge. No trends in individual pretest, posttest, or percentage change in score were identified based on age, years of experience, or job description. The small sample size was a limitation to identifying possible trends. Further investigation is required to evaluate whether the retention of material was due to the educational methods used, the repetition of material, or a combination of both. As the survey results conveyed, antibiotic education will need to be an ongoing educational component for pharmacists to maintain competence and feel confident in making recommendations in this area.
The pharmacy department at this institution will ensure that the majority of pharmacists' education is through live interactive lectures, which is the preferred method of the staff based on the survey results. Due to the blinded nature of the learning needs assessment, I was unable to search for trends among subgroups (eg, age, gender). Unfortunately, there are not national aggregate pharmacist data available regarding preferred learning and teaching methods; however, an institution may survey its staff to determine their preferred methods and styles of learning.
Although 71% of pharmacists completed the posttest with a passing score, 5 pharmacists required remediation. This facility chose to remediate through a mentoring program. A knowledgeable and wellrespected staff pharmacist worked alongside those pharmacists who were not meeting minimal competencies in areas needing improvement. This form of remediation was completed in a way that did not single out low performers and helped encourage individual and team learning through the pharmacy staff's daily work activities. Ultimately, all pharmacists at this institution successfully completed competency in antibiotics either through passing the written exam or by demonstrating success in their daily practice activities as aforementioned. Each hospital will need to evaluate the best methods for remediation. Considerations to address are the best learning methods of remediation for the pharmacist(s) involved, possible embarrassment by pharmacists requiring remediation, and additional time and resources required to complete remediation.
Finally, what competencies are required and how those competencies are achieved must be considered for each hospital. This can be done though standard observation or testing approaches or in a different manner. This institution's new process of accepting multiple verification methods to meet competencies hopefully allows pharmacists to use the simplest and most comfortable method(s) for them to meet annual requirements. Additional research needs to be completed to determine whether pharmacists prefer having multiple methods available to demonstrate competence and whether management believes multiple methods actually provide them with the evidence they need to ensure competence of their staff.
Outcome Measures Evaluation
The impact of educational intervention alone on staff pharmacist-initiated antimicrobial interventions was difficult to determine. The primary reason this was challenging was due to the implementation of new services within the pharmacy department immediately prior to initiating antimicrobial education. Specifically, policies and procedures were approved to allow pharmacists to automatically adjust doses for renal dysfunction and convert medications with a high oral bioavailability from IV to PO without a consult. 
Limitations
There are limitations to the competency and training model developed within this community hospital. First, this model is not designed for large academic or Veteran's Administration institutions with an extensive pharmacist staff and clinical specialists. These larger hospitals, unlike many community hospitals, have the ability and resources to allow pharmacists to concentrate their services in one area or discipline and therefore require them to have postgraduate credentials or training to become involved in an ASP. Hospitals with ID clinical specialists may not need to train a significant portion of their pharmacist staff as was discussed in this article. There were additional limitations of the study. Certain components of the Hospital Staff Pharmacists' Antimicrobial Compentency Checklist are not ''black and white'' with ID. The faculty member developing education did not have formal ID training but only had on-the-job training through rounding with an ID physician. The training of all staff pharmacists requires a significant amount of time and effort. The relative impact of education on pharmacist interventions or patient/institution outcomes was indeterminable due to the implementation of new pharmacy services (ie, renal dosing and IV to PO conversions). All potential components of an ASP are not addressed in this article (eg, prospective audit and feedback), but they are a component of the faculty member's clinical activities. One final limitation of this model is the sustainability of having a faculty member available to provide educational services. Within this institution, one of the former residents currently practicing in critical care was trained to help provide assistance with antimicrobial questions and education in the absence of the faculty member.
Future Steps
Minimal competency and basic education development are the first steps to ensure pharmacy staff is adequately trained to help with ASP services. This institution's initial competency checklist and education were designed for inpatient pharmacists, particularly the ''frontline'' staff pharmacist. The initial goal was to ensure that all pharmacists achieved the same minimum competency level through educational training.
After the assessment of the educational program, the pharmacist staffing model changed, which allowed a larger percentage of pharmacists to work in decentralized positions assuming both dispensing and clinical responsibilities. Due to this change, the pharmacy department's antimicrobial interventions doubled. Currently, all antimicrobial interventions are documented into the pharmacy system. The pharmacy department has now obtained a patient alert and surveillance system and will begin using it within the next quarter. The intent of the patient alerts is to increase identification of patients who need antimicrobial intervention(s) and allow for more efficient and extensive compilation of intervention outcomes data. The pharmacy department plans to evaluate antibiotic interventions after implementation of the patient alert and surveillance system to determine whether the alerts further increase antimicrobial interventions. The ultimate goal is to decrease inappropriate antimicrobial use and antimicrobial costs.
The next phase of the training program is being developed by the faculty member. The program will provide ongoing education with the intent of providing intermediate and possibly advanced antimicrobial training for those pharmacists who work closely with patients in a decentralized (ie, hybrid) or clinical role within the ASP. The ''hybrid'' pharmacists will be expected to assist with basic ASP services at the order entry level and initiate more advanced antimicrobial interventions for patients in their assigned areas. Initial expectations will most likely include reviewing cultures and sensitivities for de-escalation opportunities based on IDSA guidelines and specific patient factors (eg, site of infection, clinical improvement, etc). The ''hybrid'' pharmacist may also be expected to review patients' length of antibiotic therapy for recommendations to decrease unnecessary and excessive use. The faculty member plans to obtain credentials from one of the previously cited antimicrobial certificate programs to ensure adequate training of the staff pharmacists during the next phases of education.
Since this article was written, hospital administration requested the pharmacy department to develop a business plan for ASP services within the hospital. Now that administration is driving ASP services, the pharmacy department hopes to have a more formalized ASP team including an ID-trained pharmacist(s) and ID physician who can provide a larger time commitment to the advancement of this service within the institution while still using ''frontline'' pharmacists to provide basic housewide services.
Conclusion
Steps can be taken by management to educate staff pharmacists to participate in basic components of an antimicrobial stewardship program. The first steps involve competency and training development along with competency assessment for all involved pharmacists. Hospital pharmacy management can attempt to ensure that they are using their pharmacists' preferred teaching methods and lecture styles to promote optimal learning and retention of antimicrobial information. 
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